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Abstract:
China has demonstrated extraordinary leadership under the Montreal Protocol on Substances that Deplete the Ozone
Layer by implementing stringent regulations on industrial and agricultural ozone-depleting chemicals. It is significant 
that every country in the world is Party to the Montreal Protocol (the only United Nations Treaty with full 
participation). Also significant is that developing countries have binding obligations under the agreement, and that all
countries are on schedule to phase out these substances. Less appreciated is that ozone-depleting substances (ODSs) 
are potent greenhouse gases. The implication is that China has already helped protect the climate and can again be a 
key driver for resolving climate protection and threats to bio-security.
© 2012 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of Beijing Forum.
The listing of methyl bromide (MB) and other ODSs for phase out under the Montreal Protocol 
represented one of the biggest global challenges facing China and agriculture in the last century. ODSs 
were highly effective industrial chemicals used in medicine, refrigeration and air conditioning, electronics,
fire protection and consumer products. MB is a very effective soil fumigant that substantially increased
yields in horticultural crops worldwide and controlled pests on stored fruit, nuts, and grain. China's
willingness to support key regulatory and political changes has and will continue to play a key role in
ODS reduction worldwide.
Further challenges now face the world—including climate change, biosecurity, water supply, and food 
production—this presentation explains how lessons from Chinese leadership on the Montreal Protocol can
guide the way forward on other issues.
Present and future progress on environment issues, however requires a fine balance between economic
wealth, social responsibility and political will. The key remaining challenges under the Montreal Protocol
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include halting methyl bromide from uses without clear alternatives, halting the use of ODS as 
refrigerants and foam-blowing agents while avoiding HFC greenhouse gases, and holding together the 
spirit of cooperation for other environmental protocols, MB also supports international trade and 
biosecurity but its future is being questioned and it is destined for further regulation. Will this be a threat 
to world food security?  
The successful transition to alternative ODSs in developing countries has been supported by a financial 
mechanism (The Multilateral Fund) and this provided the economic incentive through payment of the 
agreed incremental costs of transition to alternatives. Without this economic stimulus, developing 
countries in particular have less political will to accord with the direction of global environmental treaties. 
This paper will explore some of the major economic, social, political and technical issues related to 
future regulation of global climate related products, using the two examples above as case studies. It will 
show why science has been so important to the success of the Montreal Protocol and why politicians 
could consider the use of this model to guide the design of climate change institutions when the Kyoto 
Protocol is updated. It will discuss the benefits of phase-out of ozone depleting substances to both the 
ozone layer and climate. It will also relate this success to food security and biosecurity. 
It shows how international scientists accepted models of global measurements and how validation and 
technical robustness have been successful and provided significant steps towards showing how mankind 
can sustainably coexist with the environment in the future.  
1. Introduction  
The Vienna Convention (1985) and its Montreal Protocol (1987) has shown that mankind is able to 
achieve remarkable reductions in anthropogenic (caused by man) pollutants on the environment (Anon 
2009a and 2009b). The Protocol has led to the reduction in consumption of xxx g tonnes of ozone 
depleting (ODS) gases across both developed and developing countries and reduced ODS gas 
concentration in the stratosphere. It has been so successful that the ozone hole is reducing with full 
reduction of the ozone hole anticipated later in this century. The Protocol is a rigorous model for 
politicians and technical experts to use to assist success of future climate treaties.  
The ozone layer forms a thin shield in the stratosphere, protecting life on Earth from harmful 
ultraviolet radiation. Emissions of ozone depleting substances (ODS) used in many sectors (such as 
refrigeration, air-conditioning, foams and fire fighting) destroy stratospheric ozone. Increased ultraviolet 
radiation from major depletion of stratospheric ozone can cause increases in skin cancer and cataracts, 
weaken the human immune systems, damage some agricultural crops, impact natural ecosystems and 
degrade materials such as plastic. The Montreal Protocol on Ozone Depleting Substances seeks worldwide 
phase out of the production and consumption of ODS. Scientists confirmed that the Protocol is working 
and that the ozone layer is on its way to recovery around the year 2060. 
The Montreal Protocol is an international environmental treaty based on the philosophy of the 
“precautionary principle.” In the absence of scientific consensus, the precautionary principle allows 
immediate action to be taken to avoid suspected risk of causing irreversible or unacceptable harm to the 
public or to the environment. In effect, it shifts the burden to polluters to prove to the public and 
environmental authorities that the harm from their actions is less valuable to society than the possible 
consequences.  
2. The Montreal Protocol is a Global Success  
The Montreal Protocol on Substances that Deplete the Ozone Layer is the most successful multilateral 
environmental agreement to date for the following reasons: 
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x Near complete phase-out of targeted ozone-depleting substances in the past 20 years with 
extraordinary climate co-benefits because the ozone-depleting substances (ODS) are also potent 
greenhouse gases; 
x Every country in the world a member of the treaty, with near perfect compliance by all countries 
over two decades; 
x Approximately US$3 billion of investment contributed by developed countries fuelling the 
developing country market transformation—with little impact on product price, and no unwanted 
change in lifestyle; and 
x Lean and effective institutions and supporting networks respected by all governments and industry 
stakeholders.  
The Protocol has obligations for both developed and developing countries with developed countries 
financing the incremental costs of developing countries, compliance assistance backed up with the 
necessary trade controls, and UN institutions available to execute their responsibilities in a pragmatic 
manner in close cooperation with national authorities. 
The Montreal Protocol community of diplomatic, technical, and financial delegates from all countries 
in the world, who have worked together for many years for the benefit of the atmosphere, can take action 
to mitigate climate faster and more effectively than any other global network. They have already achieved 
much but they can do still more.  
3. The Montreal Protocol Protects the Ozone Layer  
Without the Montreal Protocol, the atmospheric abundance of chlorine and bromine would have 
increased to levels threatening life on earth. Ultraviolet light would have caused millions of additional 
cases of skin cancer and cataracts, would have weakened the human immune system, and would have 
reduced the yields and sustainability of agricultural and natural ecosystems. Every two percent decrease in 
ozone was predicted to decrease agricultural yields of investigated crops by one to two percent. 
The original 1987 Montreal Protocol controlled only a handful chemicals, but it was “Amended” in 
London (1990), Copenhagen (1992), Montreal (1997) and Beijing (1999) to control additional chemicals; 
now almost 100 substances ( Fig 1). In addition, the Montreal Protocol was “Adjusted” to accelerate the 
phase-out of various substances. Furthermore, the Parties to the Montreal Protocol frequently “Decide” to 
take additional voluntary actions to further protect ozone and climate.  
Figure 5 shows the atmospheric concentrations of the total of all ozone depleting substances (ODSs) 
expressed as effective equivalent stratospheric chlorine (EESC). This metric allows a direct assessment of 
the impact of ODSs on the stratospheric ozone depletion and in particular takes into account the fact that 
bromine radicals (from MB and halons) are 60 times more effective in ozone depletion than chlorine 
radicals from CFCs etc. The data show that EESC peaked in the late 1990s and is now in decline by about 
0.8% per year. 
Figure 5 also shows a strong correlation between observed ozone losses above Halley Bay in 
Antarctica (the Antarctic ozone hole) and the rise and recent fall of EESC. The data suggest that ozone 
recovery in Antarctica may have commenced and, from above, we now know that the biggest single driver 
of the start of the ozone recovery at present is the decline in methyl bromide (MB) in the atmosphere. As a 
consequence of the MB and other gases which have much longer half lives in the stratosphere (Clerbaux, 
C. & Cunnold, D. , 2007), the complete ozone recovery over Antarctica ( the closing of the ozone hole) is 




















Figure 1 Effect of “Amendments” to the Montreal Protocol since 1987 on reductions of predicted abundance of ozone depleting 

















Figure 2 Changes in observed Halley Bay, Antarctica, total ozone (ǻ ozone, DU) (actual) - solid line, (predicted)—dashed line 
(BAS 2008 data) and changes in EESC (ǻ chlorine, ppb) -, based on observations in the atmosphere and the WMO 2007 A1 
scenario (Daniel and Velders, 2007). (from Krummel. & Fraser, 2006 and Porter et al, 2009).  
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4. The Montreal Protocol Protects the Climate  
Because ODSs and their substitute fluorocarbon gases are also greenhouse gases, actions under the 
Montreal Protocol to phase out ODSs and / or increase the use of substitute gases have consequences for 
climate forcing. Thus, reductions in atmospheric ODS concentrations, achieved to protect ozone, also 
serve to protect climate. This dual protection of ozone and climate by Montreal Protocol has been far 
more successful at protecting climate than actions so far under the 1997 Kyoto Protocol of the United 













Figure 3 Carbon dioxide equivalent emissions of ozone-depleting substances  
5. Only Fast Action by all Nations Can Make the World Safe for Future Generations 
More than 120 countries, including all countries with major emissions of GHGs, have agreed under the 
2009 Copenhagen Accord to keep global average temperature increase below 2ć . This maximum 
acceptable temperature increase is based on recommendations by numerous scientific studies that warn 
that global temperature increases in excess of 2ć can trigger climate-tipping points , with unmanageable 
consequences to water supply, agricultural productivity, sea-level rise, human habitability, and global 
security. ii This goal is all the more urgent because many of the most respected atmospheric scientists 
estimate that the Earth has already exceeded the safe concentration of CO2and other climate-forcing 
substances in the atmosphere.iii
6. China's Leadership in Stratospheric Ozone Protection  
 
China has demonstrated great leadership, diplomacy, and technical prowess in the Montreal Protocol 
and their decisions have greatly enhanced global phase-out of ODSs.  
In 1990, Chinese and Indian delegations crafted the consensus for developing countries to take on 
binding obligations to phase-out ozone-depleting substances in exchange for 1) financing of the agreed 
incremental costs of transition; 2) a “grace period” for control and phase out of ODS of typically ten years 
after developed countries to allow technology to mature, achieve economies of scale, and become 
competitively available; and 3 ) agreement, in principle, to make technology necessary to protect the 
ozone layer available to all countries. 
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In 1998 in conjunction with funds from United Nations Environment Program (UNEP) and support 
from the Victorian State Government in Australia, China prepared a comprehensive strategic framework 
to consider controls on methyl bromide, a soil and commodity fumigant which was expanding rapidly 
throughout the country due to its ability to increase food production. A year later China signed the 
Copenhagen Amendment, which requires controls and phase-out of methyl bromide. See case study 
presented below. 
In 1999, China hosted the Montreal Protocol Meeting of Parties where it was agreed to further 
strengthen the Protocol under the Beijing Amendment. China diplomatically supported agreement to the 
Amendment prior to the meeting by announcements and elaborate presentations by NGOs and youth 
groups, and also by professionally guiding the logistics of the meeting attended by more than 175national 
delegations and dozens of non-government and United Nations organizations. 
In 2007, China was instrumental in diplomatic negotiations to accelerate the phase-out of HCFC-22 in 
order to capture the additional ozone protection and climate benefits. This required complex coordination 
with its climate negotiators who had not made similarly strong concessions in negotiations under the 
Framework Convention on Climate Change (FCCC) and its Kyoto Protocol.  
In 2009, China supported open discussion on Amending the Montreal Protocol to control hydro 
fluorocarbons (HFCs) greenhouse gases that are the chemical substitutes for some ODSs. This is 
significant because HFCs are ozone-safe greenhouse gases that historically replaced about 15-20 percent 
of the chemicals controlled by the Montreal Protocol. HFCs are currently controlled by the Kyoto 
Protocol but have been neglected under that treaty because they are viewed as a small part of current 
climate forcing. However, the pending Montreal Protocol phase-out of HCFCs will drastically increase 
the use of high-GWP HFCs unless action is taken to “leapfrog” these unsustainable chemicals to 
environmentally superior technology. For example, the least-cost substitute for some HCFCs isHFC-134a 
with a GWP of 1440, but for a slightly higher cost HFO-1234yf (GWP =4) can be used.  
Thus, the phase down of production and use of ozone-depleting HCFC greenhouse gases requires 
leapfrogging over high-GWP HFCs and further action is needed to take out the high-GWP HFCs that 
already replaced CFCs. It is also important to collect and destroy ODS and HFCs in the “banks” of 
discarded products and equipment and to shift feedstock and process agent uses not achieving minimal 
ODS and GHG emissions from global exemption to essential use exemption. 
China's contribution is commendable in many other areas. They were the first developing country to 
agree national production phase-out strategies for ODSs and the first to agree to undertake the final phase-
out under a simplified finance structure for all activities under the one project. They have been 
explanatory in moving faster in phase-out than required by the Treaty and in working with chemical 
export customers to harmonize their investments to phase-out as Chinese chemical facilities close early. 
Two Chinese experts serve on the Montreal Protocol Technology and Economic Assessment Panel (TEAP) 
and a dozen more experts on TEAP's topical Technical Options Committees (TOCs). Overall, Chinese 
participation has been greater than the portion of Chinese ODS use to global production.  
7. Next Steps in Chinese Leadership  
There is every indication that China will be a leader in the final difficult steps in the Montreal Protocol 
actions, including reaching consensus for: 
x Adding HFCs to the Montreal Protocol , 
x Minimizing quarantine and pre-shipment methyl bromide exemptions , 
x Controlling feedstock uses where alternatives and substitutes are available, and 
x Taking the lessons of success from the Montreal Protocol to climate negotiations.  
China will balance its own national interests and the interests of global environmental protection and, if 
the past history is prelude to future action, the results after normal diplomatic horse trading will be far 
better than if China had not contributed.  
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8. Case study: China plays a huge role in global phase-out of a major ODS substance, methyl 
bromide 
Methyl bromide was listed under the Montreal Protocol as a class one ozone depleting substance in 
London in 1990 and subject to controls under the Copenhagen Amendment in 1992. The scheduling of 
methyl bromide (MB) for phase-out in 1998 under the Montreal Protocol represented one of the biggest 
global challenges facing agriculture in the last century. MB is a very effective soil disinfectant which has 
historically provided excellent yields and high profits for industry, but it is a major ozone depleting 
substance and, with the other ozone depleting substances, led to the emergence of the Antarctic ozone 
hole during the 1980s. There has been fierce international debate about retention of MB for soil 
disinfestation and commodity treatments—many countries embracing its phase-out for environmental and 
social reasons and others keen to retain its use because of economic growth for their industries. 
In 1995 developed countries were faced with a stepwise phase-out by 2005 and developing countries a 
20% reduction on their use by 2005 and total phase out in2015. In 1994, countries considered MB 
irreplaceable as it would cause significant market disruption to world economies, cause massive losses to 
crops with disease and spread of insect pests and pose problems to national food security and biosecurity 
against pests and diseases. China had a more pressing problem. Methyl bromide had just been introduced 
as a preplant soil fumigant for many horticultural crops as it resulted in dramatic yield responses often 
over 100% and could be applied by peasant farmers without the need for sophisticated technology. In the 
next 3 years the use of methyl bromide increased to 2,300 tonnes and was predicted to increase to over 
100,000 tonnes. This was a huge threat to the Montreal Protocol, the ozone layer and the resultant damage 
to humans and natural ecosystems. 
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Figure 4 Recent historical consumption of MB in developed (non A5) and developing countries ( A5) in relation to the baseline 
levels of MB capped by the Montreal Protocol in 1995. The most recent figures for total QPS production are also shown in 2008.  
 
Fortunately however, in 1998 China took on the challenge. With the use of funding from the Montreal 
Protocol Multilateral Fund (MLF) and support of the State Environmental Protection Organisation in 
China, UNEP and the Victorian State Government in Australia they developed a policy framework to 
review the strategies and conditions of controls on methyl bromide (Porter and Mercado, 2000). In 2003, 
after further technical and political debate, China signed the Copenhagen Amendment and agreed to abide 
by international controls on MB. This was a great contribution by China as it challenged many social, 
technical and political issues within China and the rest of the world. A product that could increase food 
production and help the 80% of malnourished population in China was being withdrawn and peasant 
farmers who potentially had just started increasing wealth from increased yields were potentially being 
denied the golden bullet. China also made its first steps to align with the World Trade Organization (WTO) 
and other bodies as a major negotiating power who held the same values as other major partners 
worldwide. China flagged to the USA and Europe that they were comfortable to abide by international 
rules—The Montreal Protocol was clearly working!  
In a relatively short period of ten years from 1995 until 2005, over 85% of the MB used for preplant 
soil fumigation and commodity fumigation was replaced or phased out both from developed and 
developing countries (Figure 4). Of the 56, 000 tonnes controlled under the Protocol, less than 10,300 
tonnes are still used by developed and developing countries for “critical uses” or in the case of developing 
countries until phase out in 2015. 
The restrictions on the use of MB, have contributed to a wide range of new products and strategies of 
environmentally superior pest control being developed, at least 50% not even imagined at the time phase 
out of MB was agreed. Restrictions on the use of MB have stimulated new research and knowledge on:(1) 
soil health and relationships between soil microbial diversity and crop growth, and (2) new crop 
protection agents and production systems that moderate the need for harsh pesticides in agriculture. This 
has also led to increased use of substrate systems, grafting and plant resistance for disease control which, 
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Figure 5 The impact of the MB restrictions on non Quarantine and Preshipment (QPS) use on reduction in bromine concentrations in 
the troposphere since 1945. (The solid line indicates the bromide from natural sources (i. e. the historic baseline). The dashed line 
indicates the approximate level that bromide concentration would presently fall if all non QPS MB was phased out). The possible 
scenario without the regulations of the Montreal Protocol is estimated from past trends (from Porter et al, 2010).  
Implementation of these alternativesu and other chemical alternatives (Porter et al, 2006) has resulted 
in a 45% decline in bromine in the troposphere and 30%of the present fall in effective chlorine load in the 
stratosphere (Figure 5). Owing to the short half life of MB (0. 7 years) in the stratosphere, MB phase-out 
achieves a rapid positive effect on ozone recovery. Internationally, pressure is mounting to restrict use of 
all fumigants worldwide (EC Reg 2037 / US Cluster Analysis) and this will stimulate a new wave of 
technologies to control plant diseases and control pests. In addition, pressure is mounting to restrict use of 
MB for QPS, as increased phytosanitary regulations have seen a dramatic increase in MB use over the last 
10years for trade related use and biosecurity from approx. 6,000t in 1990 to 10,300t in 2008. The 
Montreal Protocol will require similar leadership to that shown by China with regulation of methyl 
bromide for preplant and commodity uses to date, if the world is to achieve the full benefit of methyl 
bromide regulation for QPS.  
9. Conclusion  
The next decade is critical to global environmental protection, with daunting issues of ozone depletion, 
climate change, habitat protection, and water and food supply. The Montreal Protocol is the only 
international treaty on any topic with every nation a member. With continuing strong leadership from 
developing countries such as China, the world will become safe for future generations.  
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